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@ Device for focusing electromagnetic waves or sound. 



@ A device for focusing electromagnetic waves or 
sound, comprising a focusing element (1) fitted in a 
liolder (2). This liolder is supported in such a way 
that moving in three directions perpendicular to each 
other (X. Y and Z directions) is possible. Drive units 
(6. 26, 34) are used to move the holder indepen- 
dently in these three directions. To provide for very 
accurately controllable small movements of the hold- 
er In the X. Y and Z direction, the holder rests by 
means of hinges (7) on at least three legs (4) which 
at their bottom ends are connected by means of 
hinges (7) to a structure (5) which can be moved in 
the Z direction. The holder (2) for movement in the X 
^and Y directions is hingedly connected by two per- 
^pendicular edges to a strip which can be moved to 
U)and fro bv means of a drive element (26, 34). 
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Device for focusing electromagnetic waves or sound 



The invention relates to a device for focusing 
electromagnetic waves or sound, comprising a fo- 
cusing element fitted In a holder which is sup- 
ported In such a way that moving it in three direc- 
tions perpendicular to each other is possible, while 
drive units are present to move the holder indepen- 
dently in said three directions. 

Such a device is disclosed in ''IBM Technical 
Disclosure Bulletin", vol. 12, no. 11. April 1970, 
pages 1879-1880, New York WE Bingham et al: 
"Joystick control for inspection apparatus". 

The focussing device can be used in a micro- 
scope, the focusing element being in particular an 
objective, generally formed by a lens system. The 
invention is not, however, limited to use in a micro- 
scope or to a focusable lens system. 

In some forms of light and acoustic micro- 
scopy, in particular confocal microscopy, an image 
of the object to be examined is formed by moving 
it in three directions perpendicular to each other 
relative to a lens or lens system or objective. For 
this purpose the microscope is provided with a 
scanning table on which the object is fitted. This 
approach has, however, a number of disadvantages 
such as a limitation on the mass and dimensions of 
the object for examination. By moving the holder 
focussing element Instead of the object table in 
three directions perpendicular and independent to 
each other (X. Y and Z directions these disadvan- 
tages can be eliminated. 

The device disclosed in said IBM Bulletin is not 
suitable for very accurately controllable movements 
of the focussing element Such an accurate control 
is, however, necessary for confocal microscopy 
and some other kinds of microscopy. 

The object of the invention is to avoid this 
disadvantage and to provide a relatively simple 
structure which can lead to very accurately control- 
lable small movements of the holder in the X, Y 
and Z direction. 

For this purpose according to the invention the 
holder rests by means of hinges on at least three 
legs which at their bottom ends are connected by 
means of hinges to a structure which can be 
moved in the Z direction, and that the holder for 
movement in the X and Y directions is hingedly 
connected by two edges which are perpendicular 
to each other to a strip which can be moved to and 
fro by means of a drive element 

Setting up the legs at an angle and directing 
them at a common point means that the optical 
axis of the focusing element when moved in the X 
direction and/or Y direction can remain directed at 
virtually the same point 

The hinges at the top and bottom end of the 



said legs can be made of very simple short pieces 
of wire. These can take considerable stresses in 
the lengthwise direction and still make a control- 
lable bending movement in the transverse dlrec- 
5 tion. 

The structure which is movable in the Z direc- 
-tion and on which the legs rest can be made up of 
a bottom plate and a top plate, the bottom plate 
comprising three parts, of which the central one is 

10 hingedly connected to the outermost part, and at 
one or more points lying centrally between the 
hinges is connected to the top plate, which at one 
edge is movable up and down by a drive unit for 
the Z direction, and at the opposite edge is hln- 

75 gedly fastened. 

In consequence, a hinge movement is con- 
verted into a translation movement in the Z direc- 
tion. 

The three parts can be made simply from a 

20 single plate through each of the hinges between 
the central and the outermost parts consisting of 
two grooves which are provided at some distance 
from each other and which are cut in starting from 
various surfaces of the plate. 

25 Another possibility for the structure which can 
be moved in the Z direction is that it Is made up of 
two intermeshing hingeable parts whose hinges lie 
directly opposite each other and a strip which is 
connected to one of said parts and which is con- 

30 nected by means of wire hinges to the other part. 

The edge hinges can be simply a piece of 
wire. Such a piece can bend in all directions. It has 
been found that without a special provision the 
suspension of the holder of the focusing element Is 

95 too Indeterminate, which can lead to uncontrollable 
movements. That is why the hinge movement of 
one of the pieces of wire is limited by a bending 
plate which does permit hinge movement in the Z 
direction. 

40 There are various possibilities for the drive 
units, for example hydraulic, pneumatic or me- 
chanical, but an electromagnetic drive is by far 
preferable. Since a fixed coil can easily be cooled, 
the drive units preferably have a fixed electromag- 

45 net and a movable piece of magnetic or mag- 
netizable material. 

The invention also relates to a scanning micro- 
scope provided witii an object holder and an objec- 
tive, tiie object holder assuming a fixed position 

50 and the objective being designed as a focusing 
element as described above. 

The invention will now be explained in greater 
detail with reference to the figures, in which two 
embodiments are shown. 
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Rg. 1 shows a side view of a first embodi- 
ment of the device according to the invention. 

Fig. la shows a variant of Rg. 1. 

Rg. 2 shows a top view of the device ac* 
cording to Rg. 1. 

Rg. 3 shows a side view of the supporting 
structure for the legs of the objective holder of the 
first embodiment. 

Rg. 4 shows a side view perpendicular to 
the view of Rg. 3. 

Rg. 5 shows a top view of the top plate of 
the structure according to Rgs. 3 and 4. 

Rg. 6 shows a top view of the bottom plate 
of the structure according to Rgs. 3 and 4. 

Rg. 7 shows a side view of a second em- 
bodiment of the device according to the invention. 

Rg. 8 shows a side view of the support for 
the legs of the objective holder of the second 
embodiment. 

Rg. 9 shows a section along the line IX-IX in 
Rg. 10. 

Rg. 10 shows a top view of the support 
according to Rgs. 8 and 9. 

The devices shown are intended for moving a - 
schematically shown objective 1 or other focusing 
element in three directions perpendicular to each 
other (X, Y and Z directions) independently and in 
a controllable fashion. Use of the devices in a 
scanning microscope means that the table holding 
the object of which an image is to be formed can 
be stationary. The objective 1 is fixed in an open- 
ing of a holder 2 which is designed as a plate with 
lugs 3. 

This holder plate 2 rests on three legs 4. which 
in turn rest on a structure 5 which can be moved 
accurately in the vertical direction (Z direction) by 
means of an electromagnetic drive unit 6. 

The top and bottom ends of the legs 4 are 
provided with short wire pieces 7 which are ben- 
dable in all directions, but can take sufficient stress 
in the lengthwise direction. The places where the 
top wire pieces 7 of the legs 4 come into contact 
with the holder plate 2 are indicated by 7a in Rg. 
2. 

The structure 5 comprises a top plate 8 which 
is hingedly connected by means of bending strips 
9 to the fixed blocks 10. A strip 11 of magnetic or 
magnetizable material is fastened to the plate 8 
opposite the blocks (see Rg. 5). The coil 8a of the 
drive unit 6 to be excited is situated directly above 
this strip 1 1 , More or less excitation of the coil will 
hinge the plate 8 up and down about a free part of 
the bending strips 9. 

The structure 5 includes a bottom plate 13 
which is made up of three parts 13a. 13b and 13c. 
The central part 13c is hingedly connected to the 
side parts 13a and 13b. The hinges 14 intended for 
this each consist of two grooves which are cut in 



spaced slightly apart, starting from various surfaces 
of the plate 13. The hinges IS between the side 
parts 13a and 13b and the fixed blocks 16 consist 
of one incision (see also Rg. 6). The central part 

s 13c is fastening points of these wires 17 to the 
plate 8 are shown in Rg. 5. This plate also has 
openings 18. 19 and 20 to allow through the legs 4. 
A central opening 21 is intended for the passage of 
the focused light beam. 

70 It will be clear that the hinge movement upward 
of the top plate 8 causes the central part 13c of the 
bottom plate 13 to be carried up also over a 
distance which is half the hinge movement of the 
plate 8 at the edge lying near the drive unit 6. The 

75 upward movement of the central part 13c leads to 
a symmetrical hinge movement of the side parts 
13a and 13b and consequently to an equal upward 
movement of the legs 4 (in the Z direction). The 
legs 4 are at the required angle for ensuring that 

20 the optical axis of the objective remains directed at 
virtually a fixed point when there is movement in 
the X and/or Y direction. When used as a focusing 
element for an objective axis of the objective at a 
level of about 160 mm below the scanning device 

25 described here. In confocal microscopy when such 
an objective corrected to 160 mm this fixed point 
will lie on the optical is used on this point or optical 
equivalent, the lighting or detection openings will 
be placed as required in confocal microscopy. If 

30 objectives corrected to infinity are used, the legs 
must be placed parallel to each other, because in 
that case the optical equivalent fixed point is shift- 
ed to infinity. 

For the movement of the holder plate 2 in the 

35 X direction, this plate is connected by means of a 
wire 23 to a strip 24 which is hingedly supported at 
its bottom edge by means of a bending plate 25. 
The hinge movement of this strip is produced by 
excitation of an electromagnetic drive unit 26 with a 

40 stationary coil 26a and a piece of magnetic or 
magnetizable material in or on the strip 24. 

The unit 26 is fixed by means of a bracket 27 
to a fixed upright 28. 

For the movement of the holder plate 2 in the 

46 Y directiontion, this plate is connected by means of 
a bending plate 30 to a block 31 which is in turn 
connected by means of a short wire 32 to a strip 
33 which is hingedly supported by means of a 
bending plate In the same way as the strip 24. The 

50 hinge movement of this strip 33 Is produced by 
excitation of an electromagnetic drive unit 34 with a 
stationary coil 34a and a piece of magnetic or 
magnetizable material in or on the strip 33. 

The unit 34 is fixed by means of a bracket 35 

55 to a fixed upright 36. 

It will be clear that through excitation of the coil 
26a the objective moves In the X direction, and the 
legs 4 can make that movement by means of the 
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wire hinges 7, while the short wire piece 32 of the 
drive unit for the Y direction Is not In the way of the 
hinge movement. The objective can also move in 
the Y direction. Compared with the hinge connec- 
tion between the holder plate 2 and the strip 24 QC s 
direction), the hinge connection between said plate 
2 and the strip 33 differs by the addition of a 
bending plate 30 which permits hinge movement 
only in the Z direction and therefore eliminates any 
indeterminateness in the support of the plate 2. lo 

The objective In the X direction is caused to 
vibrate with a higher frequency (typically 50 Hz) 
than in the Y and Z direction. An unpleasant vibra- 
tion of the device caused by the 50 HZ displace- 
ment In the X direction can be eliminated by a 75 
counter-drive operating on a weight, the mass of 
the weight corresponding to that of the objective. 

The bending plate 25. the corresponding bend- 
ing plate in the Y drive and the bending plate 9 can 
be equipped with bending sensors, so that the X, Y 20 
and Z position of the focusing element can be 
deduced from the extent of the various bends. 

The focusing element is set up on a plate 38 
which has a mounting device on the bottom to 
permit mounting on a standard microscope objec- 25 
tlve holder. 

The device according to Rgs. 7-10 differs 
from that according to Figs. 1 to 6 only In that the 
structure 5 which is movable in the Z direction 
comprises two intermeshing parts 42, 43 which at so 
44. 45 are hingedly fitted relative to a fixed bloclc 
16, and a strip 46 which is fixed to part 43 and is 
connected to part 42 by means of two wires 47. Of 
course, the plate 43 and the strip 46 are provided 
with an opening 48 for the passage of a beam to 35 
be focused by the objective. When the drive ele- 
ment 6 causes the part 43 to hinge upwards about 
the hinges 45, the strip 46 will carry the hinge part 
42 with it. The legs 4 are provided with short wire 
pieces 7 at their top and bottom ends. The places 4q 
where the bottom wire pieces come into contact 
with the hinge parts 42, 43 are indicated by 7b in 
Rg. 10. It will be clear that the symmetrical hinge 
movement of the parts 42 and 43 leads to the 
same movement in the Z direction of the legs 4. 4$ 

if a so-called Immersion objective is used as 
the focusing element the housing of the scanning 
device can be designed as Indicated in Rg. la. 
The top of the scanning device can then be closed 
with such thin glass plate 51 that the focusing point so 
of the focusing element lies outside the scanning 
device, as indicated by the dotted lines in Rg. la. 
Immersion oil 52 is present between the focusing 
element 1 designed as an immersion objective and 
the glass plate 51, as required for the optical. 55 
operation of said immersion objective, while said oil 
also permits the movements of the focusing ele- 
ment described above. The advantage of the hous- 



ing shown In Rg. la is that the scanning device 
forms an enclosed unit so that dust and other 
external Influences on the scanning device are ex- 
cluded. 

It is essential for the invention that the objec- 
tive 1 can be moved controllably and accurately in 
the X, Y and Z directions, so that during scanning 
of an object the object table can stay stiil. The 
support and the drive are separate. 

Any focusing element for the focusing of elec- 
tromagnetic waves or sound can be used, Instead 
of the objective 1. Use with a scanning microscope, 
in particular a confocai microscope, gives major 
advantages: use with other equipment in an analo- 
gous form, such as catheters. Is one possibility. It 
can also be used in flow cytometry, where the 
adjustment possibilities of the device described 
here are used to make the measuring range deter- 
mined by the optics coincide with the liquid flow 
which is canning the particles to be analysed. The 
movements in the X and Y direction lead to a 
movement of the objective along a slightly curved 
surface. It is possible to maice the movement take 
place in a flat surface by a compensating move- 
ment In the Z direction. Various modifications of 
the structures described are possible within the 
scope of the claims. 



Claims 

1. Device for focusing electromagnetic waves 
or sound, comprising a focusing element (1) fitted 
in a holder (2) which is supported in such a way 
that moving It in three direction perpendicular lo 
each other (X. Y and Z directions) Is possible, while 
drive units (8. 26. 34) are present to move the 
holder independently in said three directions, char- 
acterized in that the holder (2) rests by means of 
hinges (7) on at least three legs (4) which at their 
bottom ends are connected by means of hinges 
(7) to a structure (5) which can be moved in the Z 
direction, and that the holder (2) for movement in 
the X and Y directions in hingedly connected by 
two edges which are perpendicular to each other to 
a strip which can be moved to and fro by means of 
a drive element (26, 34). 

2. Device according to Claim 1, characterized 
in that the hinges (7) at the top and bottom end 0* 
the said legs (4) are made of short wire pieces. 

3. Device according to Claim 1 or 2, character- 
ized In th^ the legs (4) are disposed at an angle in 
such a way that the optical axis of the moved 
focusing element remains directed virtually at a 
fixed chosen point during the X. Y movement 

4. Device according to Claim 1, 2 or 3, char- 
acterized In th^ the structure (5) which is movable 
in the Z direction is made up of a bottom plate* 
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(13), comprising three parts (13a. b, c) the central 
part (13c) of which Is hingedly connected to the 
outermost parts 13a, b), and at one or more points 
lying centrally between the hinges is connected to 
a plate (8) provided above that, which at one edge 5 
is movable up and down by a drive unit (6) for the 
Z direction, and at the opposite edge is hingedly 
fastened. 

5. Device according to Claim 4, characterized 

in that the three parts (13a. b« c) form a single plate io 
and each of the hinges (14) between the central 
and the outermost parts consists of grooves which 
are provided at a short distance from each other 
and which are cut in starting from various surfaces 
of the plate. is 

6. Device according to one of Claims 1, 2, 3 or 
4, characterized in that the structure (5) which can 
be moved in the Z direction Is made up of two 
intermeshing hingeable parts (42. 43) whose hinges 

(44, 45) lie directly opposite each other and a strip 20 

(46) which Is connected to one of said parts (43) 
and which is connected by means of wire hinges 

(47) to the other part (42) (Figs. 7-10). 

7. Device according to Claim 6, characterized 

in that a bending plate (25) in the X direction, a 25 
corresponding bending plate in the Y direction and 
bending strips (9) for the Z direction are equipped 
with bending sensors to permit a determination of 
the X. Y and Z position of the focusing element. 

8. Device according to one or more of the 30 
preceding claims, characterized in tliat if a focusing 
system of the immersion objective type is used, 

the device can be closed with a thin glass plate 
(51) in such a way that the focusing point of the 
focusing system lies outside the scanning device. 3S 

9. Device according to Claim 1, characterized 
in that the two edge hinges of the holder (2) are 
made of a piece of wire (23. 32) and the hinge 
movement of one of said pieces of wire is limited 

by a bending plate (30) which does permit hinge 40 
movement in the Z direction. 

10. Device according to one of the preceding 
claims, characterized in that the drive units (6, 26, 
34) comprise a fixed electromagnet and a movable 
piece of magnetic or magnetizable material. 45 

11. Scanning microscope provided with an ob- 
ject holder and an objective, characterized in that 
the object holder assumes a fixed position and the 
objective is designed as a focusing element ac- 
cording to one of the preceding claims. so 
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